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Abstract :We used the Earth Gravitational Model ( EGM2008) data sets to analyze the regional gravity anoma-
lies and to study the underground structures in Cameroon. We first created a high-resolution Free-Air anomaly 
datahase, then corrected the gravity field of the topographic effect by using ETOP01 DEM with a resolution of 
0.01 o to obtain the Bouguer anomaly, then applied a multi-scale wavelet-analysis technique to separate the 
gravity-field components into different parts of shallow-to-deep origins, and finally used the logarithmic power 
spectrum technique to obtain detailed images and corresponding source depths as well as certain lateral inho-
mogeneity of structure density. The anomalies of shallow origin show successive elongated gravity "highs" and 
"lows" attributahle to subsurface Tertiary and lower Cretaceous undulations. Our results are in good agreement 
with previous investigations. 
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1 Introduction 
In Cameroon , west Central Mrica, various tectonic and 
geological processes have caused ahrupt variation of 
gravity structures. Gravimetric survey over the country 
started as late as 1980 and was mostly limited to the 
oil-producing sedimentary basins; big data gaps existed 
in inaccessible areas and areas without indication of 
valuahle minerals. Owing to the poor spatial coverage of 
land gravity data , we decided to analyze the gravity 
field of Cameroon by using the gravity models derived 
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from the satellite-based measurements of EGM2008 111 • 
There are several advantages of using EGM2008: 
( 1 ) It uses an ellipsoidal harmonic coefficient up to 
degree and order 2190 to follow a more rigorous ap-
proach as compared to previous methods121 • (2) It has 
the highest availahle spatial resolution and ahility to 
provide precise and uniform gravity data. ( 3 ) It has 
been well developed and is freely availahle, and can 
resolve features corresponding to a spatial resolution of 
5 arc minutes or - 9 km for most regions , or about 6 
times higher resolution than the previous models. ( 4) 
It provides good information on areas previously inac-
cessible or having terrestrial data gaps , and extends 
across natural and artificial boundaries. ( 5) It incorpo-
rates data from different sources, including satellite al-
timetry over oceans, satellite gravity, and the terrestri-
al gravity1 ' 1• 
Several studies have been carried out previously to 
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prove the effectiveness of EGM2008. By comparing dif-
ferent regional-gravity data sets and global-gravity mod-
els, Arabelos et al [ 3l rated EGM2008 as the best, hav-
ing a maximum standard deviation of low value. Li et 
al [ 4 l estimated that the difference in standard devia-
tions between EGM2008 and terrestrial-gravity data of 
China was only a few mGal. Kiamehr et al [5] calculated 
a Moho depth in Iran with EGM2008 data and then 
compared it with a Moho model from terrestrial-gravity 
data; they found only small differences. Denker[ 6l 
found the RMS difference between EGM2008 and Eu-
ropean gravity data to be less than ±5 mGal. Also, Ste-
ffen et al [7] compared EGM2008 models to the analysis 
of the gravity field in the Fergana valley by Burov et 
al[s], who used land gravity data; it showed almost the 
same anomaly amplitude and range as the complete 
Bouguer field. 
Our main purpose here is to use available EGM2008 
models to obtain gravity maps in Cameroon, to calcu-
late the geometrical parameter such as depth , and to 
analyze the regional structural features. The fundamen-
tal problem is to extract the components of the total 
fields due to different sources in the depth and extent 
of interest. To achieve the goal: ( 1 ) We determined 
the Free Air and Bouguer anomalies maps of Came-
roon, using the EGM2008 together with ETOP01 da-
ta[9l. The obtained gravity observations reflect the su-
perimposed effect of the deeper and larger variations of 
masses as well as the shallower and more local varia-
tions near the point of observation. We sought to differ-
entiate the long- from the short-wavelength components. 
( 2) We applied a 2D discrete wavelet transform theory 
to the Bouguer anomaly data in order to decompose the 
gravity anomaly into components of different scales. 
This separation enables anomalies associated with 
sources at various depths to be qualitatively identified. 
It also helped to clearly discriminate the residual from 
the regional gravity anomalies. ( 3) We applied the 
spectral analysis technique to examine the properties of 
decomposed anomalies[ 10l. This also allowed us to esti-
mate the depths of bodies that affect the gravity field at 
different scales of the decomposition. Compared to pre-
vious studies, EGM2008 has a different Bouguer anom-
aly amplitude and range. But our overall findings are in 
good agreement with previous studies in Cameroon. 
2 Geologic settings 
The structural units of Cameroon are characterized 
mainly by the Cameroon Volcanic Line ( CVL) , the 
Adamawa Plateau, the Central Mrican Shear Zone 
( CASZ) , the Congo Craton, and the Benue Trough 
( Fig.1 ) . The CVL is a major tectonic feature of the 
West Africa about 1600 km long. Its continental seg-
ment includes Mt. Cameroon ( 4095 m ) , Mt. 
Manengouba ( 2420 m) , Mt. Bambouto ( 2670 m) , 
and Mount Oku ( 3011 m) [uJ. The CVL has of Pan-
African basement rocks consisting mainly of schists and 
gneisses intruded by granites and diorites[ 12l. The Ad-
amawa Plateau is a post-Cretaceous uplifted region of 
the northeastern side of Cameroon[ 13 l. It has a sedi-
mentary section with a series of small synclines [ 14] • The 
basement rocks of Cameroon and adjacent areas are 
composed mainly of Precambrian gneisses and migma-
tites, and metasediments [ 15] • The Benue trough is a 
NE-SW trending basin extending from the Niger Delta 
basin to Lake Chad [ 16] • The similar Y -shape of the Be-
nue trough and CVL suggests a common geodynamic 
control of their formation [ 17]. The CASZ is another 
tectonic feature extending from Darfur in Sudan to the 
Figure 1 Geological map of the Cameroon with the major 
structural units 
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Adamawa Plateau [ 16] . It continues to the southwest, 
where it is known as the Foumban Shear Zone ( FSZ). 
It is characterized by high-density crustal rocks[ 18l. 
The lithosphere is thin beneath the CASZ with an as-
thenospheric upwell [ 19] . The Sanaga Fault (SF) is an-
other dextral shear zone parallel to the CASZ[ 20J. The 
boundary between the Pan-Mrican belt and the Congo 
Craton ( CC) occupies part of southern Cameroon and 
progresses towards the north of Central Mrican Repub-
lic[21l. The CC consists predominantly of Archean 
rocks with some re-sedimented materials formed in the 
Paleoproterozoic[zzJ. It underthrusts the Pan-African 
block in the North, along an intra-crustal discontinui-
ty[ZJ]. The meta-sedimentary rocks lie along the north-
ern edge of the Congo Craton [ 24] • 
3 Data and analysis 
3.1 High-resolution gravity data ( EGM2008) 
The gravity data of EGM2008 , which encompass Cam-
eroon and its adjoining countries, represent a complete 
database due to the merging of satellite and terrestrial 
observations. We acquired them as Free-Air gravity 
disturbances , and the values are converted to a regular 
node spacing of 0.01° grid cell size. However, the geo-
logical and geophysical applications require Bouguer a-
nomaly data at the Earth' s surface. Thus we corrected 
the Free-Air data for the effect of underlying topograph-
ic effect by using a digital elevation model ( ETOP01 
DEM) . Calculations were made on a spherical earth, 
following the procedure proposed by Forsberg[zs] at the 
same resolution. We assumed the rock above sea level 
being a slab of uniform thickness and a reduction den-
sity of 2670 kg/m3 for the terrain. The Free Air and the 
Bouguer gravity anomalies we obtained are shown in 
figures 2 and 3 , respectively. 
The Free-Air anomalies vary between -50 and 150 
mGal, showing patterns that merely correlate with topo-
graphic features. In general, the highest Free-Air val-
ues ( more than 100 mGal) are caused by the volcanic 
line that extends from the Atlantic Ocean to the Ad-
amawa Plateau. In the high mountain regions, these 
values are up to 150 mGal. The values are lower in the 
basins and areas with flat topography. The lowest value 
of the Free-Air anomaly is found m Congo Craton, 
south of Cameroon. In other areas, the anomaly values 
so 
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Figure 3 
ree-Air anomal 
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Free-Air gravity anomaly map of Cameroon and 
adjoining regions derived from EGM2008 
-100 -50 0 50 100 
Bouguer gravity map of the study area. Grey 
lines are contours scaled to 9 mGal. C. A. R 
stands for Central Mrica Republic 
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remain between -10 and 100 mGal. 
The Bouguer anomaly values range between -150 and 
100 mGal, with higher values towards the coast, lower 
values in Adamawa and south Cameroon, and interme-
diate values in the basins and platforms. This distribu-
tion of the Bouguer anomaly on a large scale represents 
variation in the crustal thickness. Moreover, according 
to the isostatic-compensation theory, an area with a 
deeper Moho boundary has lower gravity anomalies than 
an area with a shallower boundary[?]. Thus, the crust 
is thicker in Adamawa Plateau and south Cameroon. In 
all likelihood, the gravity low is a result of several 
granite batholiths exposed m this region and/ or the 
deeper Moho due to isostatic compensation. Previous 
gravity maps of Cameroon have been obtained by some 
authors[ 26-28 l. Figure 3 shows some E-W parallel anom-
alies in the central part of the region. Two major trends 
of large-wavelength gravity lows clearly visible in blue 
color are in Adamawa Plateau and the south of Came-
roon up to the Gabon and Congo margins. These zones 
contain the boundaries of geological structures like 
horst or graben , masses extending horizontally and ver-
tically, fault blocks, and intrusive bodies. Prominent 
features that are similar to the tectonic and regional ge-
ological setting can be identified in this map. 
3.2 Depth of causative mass anomalies 
Thickness of sedimentary basin and Moho depth may be 
computed by taking 2-D Fourier transformation of the 
Bouguer anomaly[ 29 l and by using Power-spectrum 
method. The gradient of the linear segments of the Fou-
rier power spectrum is related to the depth of the density 
below the surface of the earth ; the model parameters de-
termined from the natural log of the power spectrum are 
used as appropriate filters to separate shallow and deep 
source layers [!OJ • Figure 4 shows the spectrum of the 
Bouguer anomalies (black thick line) in our case and a 
polynomial fit (red line). The power is concentrated in 
the low frequency (or wave-number) band and declines 
with increasing frequency, steeply at first and then more 
gently. The observed gravity field may be separated into 
two groups: Regional field due to deep sources at low 
frequency ( blue segment) and residual fields due to 
shallow sources at high frequency ( green segment) . 
In practice , however , the power spectrum in our 
case can be divided into three frequency bands, with 
the additional band ( black) in the middle as shown in 
figure 5. The average depths of burial geological bodies 
estimated from them are 4.7, 25. 8 and 49. 4 km. The 
spectra of low, medium, and high frequency bands 
correspond, respectively, to anomalies induced by Mo-
ho , pre-Cenozoic structures , and shallow structures 
(and noises in the ellipse on figure 4) . These esti-
mated depths are in good agreement with previous geo-
physical studies[ 13 .27J. 
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Figure 5 Depth estimation results of the Bouguer anomaly 
spectrum in Cameroon area 
3.3 Gravity anomaly separation by wavelet trans-
form 
In the spectral analysis of Bouguer anomaly, compo-
nents contributed by different sources spread out in the 
frequency spectrum, and interpretation normally begins 
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with decomposition of the anomalies into its various 
source components. The term "residual" is often used 
for a shallow-to-intermediate scattering source and the 
term "regional" for a deeper source. For the past dec-
ades , separating regional and residual sources have 
been a vital subject in such analyses. 
The multi -scale wavelet transform is a good method 
for obtaining the needed frequency and location , and a 
powerful tool in filtering and de-noising. Fedi et al [3o] 
used discrete wavelet transform to separate the regional 
potential fields. Ucan et al [3tl used the multi-scale 
wavelet transform to differentiate the regional anomaly 
field and obtained satisfactory results in a synthetic 
model test. Yang et al[ 32 l analyzed the gravity data of 
China by using the discrete wavelet transform and in-
terpreted the geological implication of their decomposi-
tion result. W enliang et al [ 33 ] used the wavelet trans-
form to study the crustal structure beneath Beijing. 
Because of the progressive-decomposition nature of 
this technique from lower to higher orders, the anoma-
lies related to shallow surfaces are progressively weak-
ened or vanished , and the anomalies related to wider 
and deeper sources appear clearly. We separated the 
Bouguer anomalies progressively this way until no local 
field anomaly can be found in the final image, and it 
contains only Bouguer anomalies produced by upper 
mantle. The more detailed image of lower order repre-
sents Bouguer anomalies produced by lower crust and 
j 
-50 
uppermost mantle. In this study, the wavelet transform 
was performed up to the 6th order, not including infor-
mation on the mantle , which would require much lon-
ger wavelengths. 
Mter the decomposition was performed, we applied 
the spectral-analysis techniques to estimate the source 
depth for each order of the decomposition. The figure 6 
( b ) provides the approximate source depths we ob-
tained and the estimated errors of the 1 •• to 6th order of 
decomposition. 
The computation of the power spectrum for each lev-
el of decomposition is helpful in comparing the depths 
so obtained to the ones obtained by the total Bouguer-
anomaly spectrum shown in figure 5. It also represents 
a test of stability of the wavelet-transform method. 
We may compare the variation of different decom-
posed anomalies through the 500 km profile along the 
Cameroon Volcanic Line (red line, Fig. 3) . The profile 
reveals that the Bouguer anomalies ( black line ) are 
rougher than the free-air anomalies ( green line ) , but 
similar to one of the residual anomalies (Fig. 6( a) ) . 
3.4 Qualitative interpretation 
We studied the wavelet-decomposition maps up to the 
6th order. Since the choice of residual Bouguer anomaly 
map depends what source we want to study, knowledge 
of local geology is important. The znd order wavelet-
decomposition map ( Fig. 7 ( a) ) reveals the density 
Order of Approximate field 
wavelet 
transform source depth (km) 
I" order 2.0±0.2 
2"' order 4.5±0.5 
3"'order 7.1±0.9 
4~order 15.0 ± 1.3 
5~order 25.1 ± 2.0 
6~order 49.0 ±3.0 
0 50 100 150 200 250 300 350 400 450 500 (b) Approximated source depths of the I" to 6"'-
order detailed images calculated from the 
power spectrum 
Distance along the gravity profile(km) 
(a) Comparison along the same continuation distance of 500 km 
profile on CVL (Fig. I) of the Bougoer aoomaly, the residual 
aoomaly, regioual aoomaly aod the Free Air aoomaly. 
Figure 6 Anomalies and calculated method 
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(a) Residual Bouguer anomaly map (2"'' order) obtained by applying a 
wavelet decomposition method defined by the results of the spectral 
analysis (Fig.4) of the gravity anomaly map. Grey thin lines are anomaly 
contours scales to 6 mGal. Black dashed lines are clearly indicative of the 
Congo Craton margin, red dashed lines are the shear zones along CVL and the 
grey dashed line represents the Sanaga fault. 
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Figure 7 Residual Bouguer anomalies 
distributions within the upper crust more clearly than 
Bouguer gravity anomaly map, and therefore is more 
useful for the studying residual Bouguer anomaly. This 
map shows different anomaly patterns , which can be 
broadly classified into regions of positive anomalies a-
ligned in the direction of the coast and negative anoma-
lies in the rest of the study area. The positive anomalies 
indicate a transition zone between the continental and 
the oceanic plates, because the sediments usually have 
lower density than the underlying metamorphic or igne-
ous rocks. The steep gradient, together with previously 
obtained geophysical evidences[ 34l , has helped to 
clearly mark the Congo Craton ( black dashed line ) . 
The E-W orientation of the negative anomalies in the 
Adamawa Plateau is in agreement with known geology. 
The trend of major faults can be clearly identified, and 
it agrees with the orientation of the Central African 
Shear Zones ( CASZ ) shown in available geological 
maps ( the red dashed lines ) . Thus the features ob-
tained here are consistent with the known tectonics and 
geological setting of the study area. 
As mentioned above , the anomalies tend to disap-
pear progressively, as the degree of the decomposition 
mcreases. Figure 7 (b) , for example, is the 4'h order 
decomposition, in which the local anomalies traces are 
more vague than those of the 2nd order (Fig. 7 (a) ) _ 
We need to identify the regional-anomaly component 
of Bouguer gravity field, since it tends to distort and 
sometimes mask the relationship between the anomaly 
shape and the near surface geology[ 35 l _ The best re-
gional component is the one that corresponds to the 
effect of the underground mass to be interpreted. The 
map of 5'h order wavelet decomposition ( Fig. 8 ( a) ) 
shows a long-wavelength variation with very few traces 
of the local-source anomalies. The map of 6'h order 
wavelet shows a quite different anomaly pattern (Fig. 8 
(b) ) , which is similar to the 7'h order map. There-
fore, it represents the deep mass sources and the re-
gional Bouguer anomaly. Altogether, these maps show 
that the gravity anomalies are more complicated in up-
per and middle crusts than in the deeper structures. 
The negative anomalies are concentrated in the east, 
especially in the Adamawa Plateau, whereas the source 
of negative anomalies may lie under the volcanic mas-
sifs. The positive anomalies near the Atlantic Ocean a-
gain characterize the progressive change from the conti-
No.1 Ngatchou Heutchi Evariste, et al. Crustal structure beneath Cameroon from EGM2008 7 
4 Discussion and conclusions 
nental to the oceanic structure. All these findings are in 
agreement with those of the previous studies[ 27l. To vis-
ualize clearly in 3D representation, the distributions of 
the Free Air and the Bouguer anomalies are shown 
comparatively in figure 9. 
The Bougeur anomaly of the Cameroon and its adjoin-
ing regions were analyzed previously by Collignon [26 l 
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(a) 5'' order wavelet transform approximate image 
of the Bouguer anomalies. 
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and Poudjom et al [27J , using land-gravity data with 
nonuniform spatial coverage over many gaps. Kamguia 
et al [28 J used the same set of data and filled the gaps 
with data from a global geo-potential model ( GGM -
EGM) to provide a gravity map. However, the resolu-
tion of GGM-EGM is more than 6 times inferior to the 
newly available EGM2008. Moreover, EGM2008 incor-
porates both satellite and the terrestrial observations. 
These superior qualities motivated us to conduct the 
present study. In our analysis, we also applied a wave-
let multi -scale analysis to decompose the computed 
Bouguer anomalies in order to separate different gravity 
components related to sources at different depths. Fur-
thermore, we have applied the fast Fourier transform to 
compute the energy spectrum in order to estimate the 
depths of different gravity sources. 
Our result shows that the local gravity consists of 2•• 
to 3"' -order wavelet images produced by sources in the 
depth range of 4.5 to 7 km (Fig. 6 (b)) , which may 
be caused by density variation of the sediment layer. 
This conclusion is in agreement with the estimation of 
Kamguia et al [28 ] that the sediment depth is less than 6 
km in the Adamawa area. 
The regional anomalies consist of the components 
produced by deeper sources, including density varia-
tion in the lower crust and upper mantle and the undu-
lation of Moho discontinuity. They are represented by of 
5" to 6" -order wavelet images with a source depth of 
25 to about 50 km, corresponding to the crust-mantle 
interface. These images may represent the anomaly 
character of the pre-Cenozoic geologic bodies at an in-
termediate depth and the Moho discontinuity. The 6"-
order image may also reflect the overall trend of gravity 
distribution at this level. 
The shallowest depth ( 4.5-15 km) in our estimation 
agrees with the seismically determined thickness of the 
upper and lower crust of 10-14 km in the Adamawa ar-
ea, as proposed by Cornacchia et al[ 36J and confirmed 
by Stuart et al [37]. Dorbath et al [ "l used teleseismic 
delay-time studies and estimated a crustal-mantle inter-
face between 18 and 38 km in the Adamawa region. 
Poudjom et al [27J estimated the depth of a major density 
contrast beneath the lithosphere of the Adamawa Plat-
eau to be between 20 and 38 km. Nnange et al["l ob-
tained a similar depth of 34 km for this contrast. More-
over, the crustal depth in the Congo Craton region was 
estimated to be 50 km["l. So far, a crustal thickness of 
about 25.5 km in Mt Cameroon to 45 km in Congo Cra-
ton was determined from join inversion of Rayleigh 
waves[ 391 • These studies together give an average depth 
of 49±3 km, which agrees well with our findings. 
The detailed images obtained from wavelet transform 
show that crustal structure is complicated beneath the 
Cameroon region , especially in the upper and middle 
crust. The short-wavelength residual anomalies predom-
inate at the surface and in the shallow depth. 
The anomalies that are a few tens of kilometers wide 
may be caused by such geologic or tectonic features as 
rift, magmatic arc, isolated intrusions, uplift by colli-
sion, or compression on well defined structures. The 
positive anomalies may be attributed to uplift of Moho 
or to the accreted materials. The negative anomalies at 
the surface may be explained in terms of sedimentary 
deposits generally. The short-wavelength anomalies 
tend to correlate with geologic features exposed at the 
surface and may be caused by density contrast in the 
crust. 
The gravity-gradient zones between the low and high 
gravity anomalies in some areas may reveal the exist-
ence of some structures, such as faults. An example is 
the Congo Craton margin , clearly shown in the second 
and third order images (Fig. 7 (a) ) . The depths of va-
rious layers inferred from the spectral decay of the Bou-
guer anomaly match quite well with the findings of oth-
er analyses and is within the error limits of about 5%-
10%. The differences in some of the depth estimates 
may be attributed to the usage of different types of data 
with different error limits. 
Despite of its superiority, EGM2008 has limitations 
mainly due to omission errors. Any gravity-field fea-
tures at scales finer than EGM2008 ' s spatial resolution 
is omitted and cannot be resolved. For this reason, the 
very localized features in the Cameroon cannot be iden-
tified on the map. Nevertheless, certain rough crustal 
structures beneath Cameroon can be clearly identified 
this way. Various tests also show that the wavelet trans-
form is an effective tool for the multi-scale decomposi-
tion of gravity siguals and for exploration studies in are-
as where gravity anomalies up to tens of mGals , such 
as due to large salt domes, can be easily separated in 
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detailed images. In short, our result is in good agree-
ment with previous findings and is highly compatible 
with the tectonics and geological setting of the Came-
roon, and EGM2008 is advisable for gravity study in 
areas with limited access for land-gravity measure-
ments. 
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